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82 K. Yoshida et al.the control task for 10 days. We examined training effects using neuropsychological tests. The
Flow State Scale for Occupational Tasks was administered to identify the patient’s flow state.
To evaluate the training effect, we used visual analysis, the two-standard deviation band
method, and effect-size analyses.
Results: Both Patient A and Patient B showed improvement on the Continuous Performance
Test, Symbol Digit Modalities Test, and Moss Attention Rating Scale after the flow task. Patient
B also showed improvement on the Trail Making Test.
Conclusion: The results for Patient A suggested that the flow task was more effective than gen-
eral OT for improving attention deficits. Moreover, the results for Patient B suggested that the
flow task was more effective than the control task. Attention training inducing flow experience
may thus facilitate improvement of attention.
Copyright ª 2015, Hong Kong Occupational Therapy Association. Published by Elsevier
(Singapore) Pte Ltd. All rights reserved.Introduction
Patients with traumatic brain injury (TBI) show diverse
higher brain dysfunctions such as attention deficit, memory
disorder, and executive dysfunction (Millis et al., 2001).
Many young patients have severe problems in relation to a
return to work or school (Schmitter-Edgecombe, 2006).
Attentional deficits have high priority for treatment
because they are common following TBI and have great
adverse impact on patients’ daily and social lives.
Themost commoncurrent approach to attentional training
is direct intervention that trains the impaired specific atten-
tional component repeatedly, such as attention process
training (Galbiati et al., 2009; Pero, Incoccia, Caracciolo,
Zoccolotti, & Formisano, 2006; Serino et al., 2007; Vallat-
Azouvi, Pradat-Diehl, & Azouvi, 2009). However, this
approach only produces small effects and does not generalize
to new situations, even if the trained component improves
(Rohling, Faust, Beverly, & Demakis, 2009). In addition,
because specific direct intervention approaches require high
endurance, patients with TBI who fatigue easily as a result of
decreased information processing, anxiety symptoms, and
depression (Ponsford et al., 2012) may find it difficult both to
concentrate on the tasks and to sufficiently exert their ability.
Danzl, Etter, Andreatta, and Kitzman (2012) reported that the
principles of engagement have the potential to facilitate the
effect of neurorehabilitation; however, to the best of our
knowledge, this is yet to be confirmed by another study.
Alternatively, flow-inducing tasks may be effective for
treating attention deficit in TBI. Flow is the holistic expe-
rience that occurs when an individual acts with total
involvement (Csikszentmihalyi, 1975). When in flow, an
individual operates at full capacity (Nakamura &
Csikszentmihalyi, 2002). Flow is a psychological state
characterized by a high level of attention with a low sense
of effort, low self-awareness, and a feeling of control and
enjoyment; it occurs during the performance of tasks that
are challenging, but matched in difficulty to the skill level
of the individual (Csikszentmihalyi & Csikszentmihalyi,
1988; Csikszentmihalyi & Nakamura, 2010). Flow most
clearly represents an absorbed state.
The neural correlates of flow experiences have been
investigated by several functional brain imaging studies, and
reward-related structure, including the striatum, had beenreported to be associated with flow experience (de Manzano
et al., 2013; Klasen, Weber, Kircher, Mathiak, & Mathiak
2012; Ulrich, Keller, Hoenig, Waller, & Gro¨n, 2014). In addi-
tion, recent findings indicate a possibility that the reward
system optimizes neurocognitive functions such as visual se-
lective attention and visual search (Chelazzi, Perlato,
Santandrea, & Della Libera, 2013). It is presumed that the
flow experience influences these neurocognitive functions;
however, it remains unclear whether flow experience can be
usedas a therapeuticapproach to facilitate cognitive training.
The objective of this study was to examine whether flow
experience facilitates the effects of attention training. We
used computer video game tasks to induce flow experience
for two patients with attention deficits after TBI and
examined the resulting effects on their neuropsychological
performance.Methods
Participants
Two adult patients with attention deficits after TBI were
recruited from Hokkaido University Hospital.
Patient A was a 47-year-old right-handed female with a
diagnosis of TBI. Magnetic resonance imaging (MRI)
revealed bilateral frontal lobe lesions and diffusional
axonal injury (DAI). At the time of enrolment, it had been
948 days since injury; at the time of injury, the Glasgow
Coma Scale (GCS) was 11 (moderate). She had 12 years of
education. Her baseline digit span was five, and her
achievement rate on the Symbol Digit Modalities Test
(SDMT; Smith, 1968) was 48.2% before intervention
(Table 1). These results indicate notable impairment on
common neuropsychological tests.
Patient B was a 41-year-old right-handed male with di-
agnoses of brain contusion, acute subdural haematoma, and
traumatic subarachnoid haemorrhage. MRI revealed a left
frontal lobe lesion and DAI. The GCS was 9 (moderate) at the
time of injury. The postinjury period was 228 days. He had 16
years of education. His achievement rate on the SDMT was
30.6%, and his preintervention performance on Trail Making
Test A (TMT-A) (Reitan, 1958) was significantly worse
compared with healthy adults of the same age (Table 1).
Table 1 Neuropsychological Assessments and Functional Independence Measure Before and After Each Phase.
Patient A Patient B
Preintervention After general
OT phase
After flow
phase
Preintervention After control
phase
After flow
phase
MMSE 30 29 29 27 29 30
Digit Span
Forward 5 5 6 7 7 7
Backward 5 5 5 3 4 4
CPT-X
CD rate (%) 98.8 98.8 100 100 100 100
RT (ms) 575.7 567.7 458.7 527.7 505 502
(SD) 89.9 72.3 77.2 62.3 57.8 54.2
Coefficient of variance 15.6 12.8 16.8 11.8 11.4 10.7
SDMT (%) 48.2 46.4 52.7 30.6 32.7 36.3
TMT-A (s) 82 83 80 166 148 131
TMT-B (s) 67 78 79 171 159 138
MARS 96 98 102 88 92 99
RAVLT 10 8 10 8 7 8
WCST 6 4 5 6 6 5
WAIS-III
Digit symbol coding 70 68 72 39 40 43
Symbol search 30 31 33 24 24 26
FIM 125 125 125 114 116 119
CD Z correct detection; CPT-X Z Continuous Performance Test “X” Task; FIM Z functional independence measure; MARS Z Moss
Attention Rating Scale; MMSE Z Mini-Mental State Examination; OT Z occupational therapy; RAVLT Z Ray’s Auditory Verbal Learning
Test; RTZ reaction time; SDZ standard deviation; SDMTZ Symbol Digit Modalities Test; TMTZ Trail Making Test; WAIS-IIIZWechsler
Adult Intelligence Scale III; WCSTZWisconsin Card Sorting Test.
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order, psychiatric disorder, or other neurological diseases
other than TBI. Neither had comprehension deficits or se-
vere aphasia, nor were they receiving medication that
would affect cognitive function.
The Ethics Committee of the Faculty of Health Sciences
at Hokkaido University (Sapporo, Japan) approved the study
protocol, and both participants provided written, informed
consent.
Intervention tasks
We created two types of video game tasks for attentional
training; one is a flow task and the other is a control task.
These tasks had identical content, except that the flow task
was designed to induce flow by balancing levels of skill and
challenge and giving quick feedback about the score. The
control task maintained a constant level of task difficulty
regardless of the patient’s skill and did not provide feed-
back about the score. The detailed contents of the tasks
are as follows.
Square: Patients are required to control a central blue
square using a mouse and avoid red squares coming towards
it from the right, left, top, or bottom of the screen. If the
squares coming towards the blue square are black, patients
get points to hit them. The score is calculated based on the
number of black squares hit and the duration of play. During
the flow task, the speed of the squares increases and the
number of the distractors is incremented according to the
patient’s increasing score. This task requires sustained,
selective, and divided attention.Click number: Patients are required to click and delete
discs in numerical order. The score is calculated based on
the number of discs deleted within the time limit. Similar to
the square task, difficulty is adjusted by increasing the
number of discs and distractors according to the patient’s
increasing score. This task requires sustained and selective
attention, as well as quick information processing.
Tower: Blocks of three different colours are randomly
piled up. The patients are required to click and delete the
right side, left side, or centre of a block based on its colour
as quickly as possible. The time to delete all blocks is then
calculated. During the flow task, the number of blocks in-
creases according to the patient’s increasing score; the
patient has to delete all blocks within the time limit to
move onto the next level. This task requires sustained,
selective, and alternating attention.
Patients played each kind of game once a day. To mini-
mize the difference of task difficulty between the flow and
control tasks, the flow task started from a slightly lower
level. However, based on patient’s performance, the flow
task generally became more difficult than the control task.
Procedure
We conducted a study using a two-patient within-subject
AB design and report the findings here as a case report.
Patient A performed the flow task for 14 days after
receiving general occupational therapy (OT) for 11 days.
Patient B performed the flow task for 15 days after per-
forming the control task for 10 days. The patients received
40-minute sessions (2  20 minutes) in 1 day, and then
84 K. Yoshida et al.continued their previous trial (if incomplete) or started the
next session. Neuropsychological tests, behavioural
assessment of attentional function, and assessment of ac-
tivities of daily living function were examined before and
after each phase. This assessment included the Mini-Mental
State Examination (Tombaugh & Mclntyre, 1992), digit span
forward (Wechsler, 1981), SDMT, and both TMT-A and B
(Reitan, 1958). We also used the Continuous Performance
Test “X” Task (CPT-X) (Rosvold, Mirsky, Sarason, Bransome,
& Beck, 1956) as an attentional function test, Rey’s Audi-
tory Verbal Learning Test (RAVLT) (Schmidt, 1996; Van der
Elst, Van Boxtel, Van Breukelen, & Jolles, 2005) as a
memory function test, the Wisconsin Card Sorting Test
(Heaton, Chelune, Talley, Kay, & Curtiss, 1993) as an ex-
ecutive function test, and digit symbol coding and symbol
search within the Wechsler Adult Intelligence Scale III
(Wechsler, 1997) as an information processing test. The
Moss Attention Rating Scale (MARS) (Sawamura et al., 2012;
Whyte, Hart, Ellis, & Chervoneva, 2008) was used as a
behavioural assessment tool for attentional function, and
the functional independence measure (FIM; Dodds, Martin,
Stolov, & Deyo, 1993) was used for assessment of activities
of daily living function. All assessments were performed
within 3 days before and after each phase.
In addition, we confirmed each patient’s flow state using
the Flow State Scale for Occupational Tasks (Yoshida et al.,
2013). The SDMT, MARS, RAVLT, and Flow State Scale for
Occupational Tasks were examined repeatedly through all
phases every 2 or 3 days. Three versions of SDMT and RAVLT
were prepared to minimize potential practice effects.
Statistical analysis
After we confirmed that the repeatedly measured data had
no autocorrelations (Ottenbacher, 1986), visual analysis
and the two-standard deviation (2-SD) band method
(Nourbakhsh & Ottenbacher, 1994) were used to compare
the data from different phases. If scores of the flow phase
showed two consecutive measurements above the
mean  2 SD of the general OT or control phase, the flow
task was considered to be more effective than the other
approaches (Ottenbacher, 1986).
We also calculated effect size using percentage of
nonoverlapping data (PND) (Scruggs, Mastropieri, Cook, &
Escobar, 1986) and ES-BS2 (Busk & Serlin, 1992), which
are tests available for repeated measure designs. PND
shows the percentage of data in flow phase above the single
most extreme value of the general OT or control phase, and
ES-BS2 shows the difference between the mean scores of
each phase by SDs of all data. These effect sizes were
interpreted using the criteria established by Takahashi and
Yamada (2008).
Results
Table 1 shows the assessments for each patient before and
after each phase. Patient A showed slight improvement in
the reaction time (RT) of CPT-X and MARS after general OT.
However, SDMT and TMT deteriorated, and no changes were
seen in the other neuropsychological assessments. After the
flow phase, Patient A showed substantial improvement inboth the RT and the SD of RT of CPT-X, SDMT, and MARS
compared with the earlier phases. Patient B showed
improvement in both the RTand the SD of RTof CPT-X, SDMT,
TMT-A and TMT-B, and MARS. No changes were seen after the
control phase in the other neuropsychological assessments.
Fig. 1 shows the results of the repeated measurements
for each patient through all phases. The SDMT and MARS of
both patients showed two consecutive scores above the
mean  2 SD of the general OT or control phase during the
flow phase, whereas their RAVLT did not. The flow state
scale for occupational tasks also showed two consecutive
scores above the mean  2 SD of the general OT or control
phase during the flow phase for each patient.
Table 2 shows the effect size. All specific repeated
attentional assessments other than the RAVLT of Patient A
showed improvement during the flow phase of each pa-
tient. However, even though the effect size of PND was
large according to the criteria of the effect-size interpre-
tation, that measured by ES-BS2 was small (Takahashi &
Yamada, 2008).Discussion
We conducted an exploratory case study to examine
whether an intervention that induced a flow experience
would facilitate the effect of attention training in two pa-
tients with attention deficits after TBI. The results from our
within-subject AB design suggest that the flow experience
enhances attentional performance in patients with atten-
tion deficits after TBI.
The attentional function of both patients improved more
than their memory and executive functions. None of the
neuropsychological assessments for Patient A markedly
changed after the general OT, but her attentional function
measurements showed substantial improvement both dur-
ing and after the flow phase. No marked changes were
evident in other cognitive function tests, and her perfor-
mance deteriorated on the TMTs. Her FIM did not change
through the entire period; however, this may be attributed
to the fact that her score was very high from the beginning.
Patient A’s result pattern suggests that the intervention
inducing flow experience was effective in attentional
function, but did not generalize to improvement in other
aspects of cognition.
Patient B showed improvement in multiple measure-
ments after the control phase relative to the pre-
intervention measurements; these showed further
improvement after the flow phase. No changes were
evident in other neuropsychological assessments. In addi-
tion, PND and ES-BS2 evaluation during the flow phase
showed a positive effect size compared with the control
phase. Finally, his FIM increased 5 points. This small
improvement may be due to the fact that the improvement
of the neuropsychological assessments was specifically
associated with the patient’s attentional function. This
suggests that the intervention inducing flow experience was
more effective than the control task in Patient B’s atten-
tional function, despite the control task’s effect on atten-
tional function.
Both patients showed improvement in attentional func-
tion, but not in other measures of cognition; therefore, the
Figure 1 Transition of the results from repeated measures. Assessment scores are on the vertical axis; time course and treatment
phase are on the horizontal axis. Grey-coloured bands represent mean value 2 standard deviations of the general occupational
therapy phase scores or the control phase scores in each assessment; vertical lines represent the alternation point of intervention.
General OT phase Z general occupational therapy phase; MARS Z Moss Attention Rating Scale; RAVLT Z Rey’s Auditory Verbal
Learning Test; SDMTZ Symbol Digit Modalities Test.
Flow task for improving attention deficits 85video game tasks created for this study appear to be spe-
cific to attentional function. The flow experience was more
effective than either general OT or the control task.
Furthermore, both patients showed improvement on MARS,
which is an observational method for measuringbehavioural aspects of patients with attention deficits after
TBI. In other words, the intervention inducing flow experi-
ence may improve patients’ daily behavioural problems
that result from attention deficits. However, we were un-
able to confirm that the flow intervention effect
Table 2 Effect Size of Repeated Measures Data.
PND (%) ES-BS2
Patient A Patient B Patient A Patient B
SDMT 75 100 1.29 1.45
MARS 75 100 1.34 1.55
RAVLT 25 100 1.2 1.08
The effect sizes were interpreted using the criteria established
by Takahashi and Yamada (2008).
ES BS2ZXA  XB

SDpooled
Where XA is the mean value of Phase A (general OT or
control phase) data; XB is the mean value of Phase B
(flow phase) data; and SDpooled is the standard deviation
pooled Phase A and Phase B data.
PND: Small Z 32.98%, Medium Z 83.77%,
Large Z 100.0%.
ES-BS2: Small Z 1.58, Medium Z 2.38, Large Z 2.71.
MARSZ Moss Attention Rating Scale; OTZ occupational
therapy; PND Z percentage of nonoverlapping data;
RAVLT Z Rey’s Auditory Verbal Learning Test;
SDMTZ Symbol Digit Modalities Test.
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their FIM did not show marked improvement.
The Flow State Scale for Occupational Tasks also showed
an increase similar to the SDMT and MARS, indicating that
the flow task did induce a state of flow. The task was
designed to increase difficulty by balancing levels of skill
and challenge. In flow theory, Csikszentmihalyi and
Nakamura (2010) described that when a person is in flow,
he or she exerts a high level of attention with a low sense of
effort and feels an intrinsic reward. These aspects make it
easy to engage with a task and are associated with optimal
performance; therefore, it is assumed that the two patients
exerted their optimal attention during the flow task. As a
result, their attentional function showed greater
improvement.
This study had several limitations due to the small
sample size and the within-subject AB design. We con-
ducted a within-subject AB design because of the two pa-
tients’ limited hospitalization period. If patients had longer
hospitalization periods, we would have conducted one of
the other preferable single-subject designs (e.g., ABC or
ABAB designs) because the participants can be used as
controls in different conditions across time. Furthermore,
we cannot completely eliminate the possibility of practice
effects for the repeated assessments. To minimize poten-
tial issues, three versions of SDMT and RAVLT were pre-
pared; however, alternative versions of the other
assessments were not available. We were also unable to
eliminate a possible carry-over effect. Because the flow
phases were the second condition, the results may include
effects from the first phase. In addition, differences in task
difficulty between the control and flow tasks could not be
completely controlled. To minimize this, we adopted a
method such that the flow task started from a slightly less
difficult level than the control task. However, changes in
the degree of difficulty depending on the patient’s level of
achievement are also important to induce flow. We thuscannot deny the possibility that the results were affected
by differences in task difficulty.
Conclusion
The two patients in this study showed more improvement in
neuropsychological assessments and MARS related to
attentional function during and after the flow phase,
thereby suggesting that the intervention inducing flow
experience was more effective than general OT or the
control intervention. To more clearly estimate the effects
of therapy using flow, stricter research protocols such as a
randomized controlled trial must be used in future studies.
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